The nasal complex of Kogia has been compared with that of Physeter and shown to be homologouswith that of less specialized ondotocetes.
The spermaceti organ assists in evacuation of the lungs prior to a deep dive.
The fat depots of the spermaceti organ in Physeter and the spermaceti organ and adipose cushion in Kogia may serve to absorb nitrogen at extreme pressure.
The air reservoirs could perform a useful hydrostatic function during the ascent from great depths.
FOREWORD
It soon became obvious however, that the respiratory mechanism in the Physeteridae was so aberrant as to require special study in order to fit the arrangement into a hierarchical system.
All the dissection, drawing and photography were carried out by the first author, and the interpretation of the results, phylogenetically and func-
INTRODUCTION
The anatomy of the blowhole of Kogia has been described by Bcnham (1901) , Danois (1910) , Kernan & von Schulte (1918) . The last two authors have given the best account and their drawings demonstrate the various structures with great clarity. The nasal tract of Physeter has been described by Pouchet & Beauregard (1885) , Beddard (1915 Beddard ( , 1919 , Raven & Gregory (1933) , and of these, the last named paper is the most useful. However, ex- (1873), Rawitz (1900) , Gruhl (1911) , Lawrence & Schevill (1956) , Purves (1966) , and Schenkkan (1971) . 
RESULTS

The blowhole and vestibular sacs
The blowhole was situated more to the left in K. simus than in K.
breviceps; it consisted of a shal lowly crescentic aperture with the convexity facing posteromesially and thus differed from that of most odontocetes in which the concavity faces rostrad with its long axis at approximately right angles to that of the body (fig. 2 ).
The anterior lip of the blowhole was crescentic in shape with its concavity facing caudally and in its resting position, overlapped the posterior lip contrary to the condition found in other odontocetes.
Immediately below the crescentic nasal orifice there was a narrow space which may be (Evans et al., 1964; Norris, 1964) .
We have seen that in the Physeteridae the nasal plugs are strongly modified to form an integral part of the lumen of the nares and are in no way suitable for sound production. Some credence may be given to this hypothesis in respect of the "whistles" produced by the majority of odonto- veloped larynx and we believe that in common with the former, most of the sounds are generated by this organ.
It is subject to a high degree of muscular control, not only by its own intrinsic and extrinsic muscles but by the palatopharyngeal muscles in addition. In the production of "sonic beams" we believe that use is made of interference phenomena as in man-made mechanical devices for this purpose.
It is significant that no instrument resembling an "acoustic lens" has yet been invented.
The production of beamed sound fields has been dealt with by Purves (1966) .
Of course a large reservoir of air is required for the proper functioning of the larynx at high hydrostatic pressure and we believe that such is the main function of the non-respiratory cavities in the nasal tract of the Physeteridae.
Recently, an ingenious hypothesis for the function of the spermaceti organ in Physeter has been published by Clarke (1970) . He claims that neutral buoyancy can be maintained at great depth by cooling the spermaceti oil thus increasing its density to adjust to the increased density of sea water at this depth. The cooling process takes place by vasodilation and by inhalation of cold sea water into the right naris.
Applying the homology principle to Kogia we found that the spermaceti organ was so small as to constitute only a very small fraction of the total weight of the head much less that of the body and even if we included the weight of the adipose cushion referred to above the reduction of density would be insignificant. We therefore concluded that at least in Kogia the spermaceti organ could not serve a hydrostatic function with respect to the weight of the body.
It must be noted that all the above hypotheses If the head is just submerged with all the facial muscles relaxed, the blowhole will be closed by its own elasticity, as will also the "museau de singe". The left naris will be occluded by the special configuration of its ventral wall or "nasal plug". Kogia at moderate pressures, the main reservoir is above the "museau de singe" in the right vestibular sac whilst in Physeter it is below the "museau de singe" in the right naris. In Kogia this thoracic gas would pass at first through the right naris and "museau de singe" into the main part of the right vestibular sac, being assisted by the negative pressure given by the buoyancy of the adipose cushion above the exit of the "museau de singe". This gas would then pass through the peripheral diverticula into the air sac complex above the adipose cushion described in the text.
At this stage the adipose cushion would lose its buoyancy and descend over the "museau de singe".
During a head-down dive, the compressed gas would eventually be squeezed into the nasofrontal sac as in Physeter but in so doing would have to pass backwards through the "museau de singe". There would appear to be no mechanism for allowing sea water to enter the nares as Clarke (1970) postulates and it seems to be a common misconception that water will enter any tube that It follows that the entire residual air must eventually be squeezed into the right postriarial cavity. Some of this air could then be drawn into the larynx by contraction of the thyrohyoid, omohyoid and sternohyoid muscles for the production of sonar clicks when these muscles were relaxed.
These oscillations would be transmitted to the bones of the rostrum by the paired palatopharyngeal muscles ( fig. 11 : MPP) as a double source to produce sound fields in front of the animal, differentiated in width and range. Whilst cruising and food finding at great depth there would be virtually no air in the right narial complex and therefore these cavities would be of no value in hydrostatic regulation.
It is conceivable therefore that the increased density of the water is compensated for by the cooling of the spermaceti as Clarke states, although not in the manner he suggests.
The recovery phase
It is perhaps during the recovery phase that air in the right narial complex would be most useful. The thorax is probably fully collapsed before diving as suggested by Clarke and for mechanical reasons postulated by us and would take no part in the ascent. The head would normally be topmost whilst surfacing and the expanded gas would pass upward into the right nares assisted by the suction force induced by the buoyancy of the spermaceti organ and adipose cushion in Kogia and the spermaceti organ alone in Physeter. This gas would eventually reach the right vestibular sac in Kogia and the anterior part of the right naris in Physeter thus increasing the buoyancy of the head and assisting the swimming motion.
Meanwhile the blood circulation would be re- In this small cetacean, in the resting state the interval between the anterior and posterior walls is very narrow and its communication with the right naris small and anteroposteriorly constricted. It is possible that these small papillae 
